Abstract. The article raises the issue of forecasting prices of broiler chickens. The forecasts were generated on a set of the weekly time series of mentioned prices in the 2011-2017 period. The forecasting methods which were used in this research are adaptive methods: simple random walk model and creeping trend with fixed segments of linear trends equal 5, 7, 9 and 11 periods. The accuracy of forecasts was verified in retrospect by preparing forecast in the past, forecasting errors and graphical analysis. Both the crawling trend model and the random walk model with greater weight take into account observations closer to the forecasted values, which worked well in the case of fairly large distortions of random variations in a series of purchase prices for broiler chickens. Reducing the length of the segment in case of large random fluctuations and breakdowns of the trend allows to obtain smaller forecast errors.
Introduction
The accurate prediction of economic phenomena is very important from the point of view of making different types of decisions. The quality of the forecast determines whether decisions based on the prediction process will allow the business entities to develop. In the case of agriculture, forecasting is a necessary element of efficient farm management. Early information on the level of prices allows to properly plan work for farmers, but also allows planning the purchase, storage and processing of agricultural production to entities associated with the agricultural-food sector. On a macro scale, it provides the basis for making the right decisions regarding the adaptation of appropriate regulations for agricultural markets or the shaping of agricultural policy. The issues of price forecasting of the selected agricultural products were dealt with, among others, by Dudek From many models that allow forecasting of economy phenomena, adaptive models gain more and more importance. Their high flexibility and adaptability in the case of irregular changes in the direction or speed of the trend or distortions in periodic fluctuations make adaptive models a convenient tool for short-term economic forecasts (Zelias et al., 2003) .
The aim of the article is to determine forecasts of extinct prices of broiler chickens using the random walk model (naïve method) and creeping trend models with fixed segments of linear trends equal 5, 7, 9 and 11 periods and assessing the accuracy of forecasts based on ex post error analysis. This will allow to answer the question: which approach allows to achieve the minimum values of forecast errors. The study used average weekly prices of broiler chickens expressed in PLN/kg, quoted from January 2011 to December 2017. The data comes from the archive of cenyrolnicze.pl website. In order to eliminate the impact of inflation, nominal buying-in prices were converted into real prices, using monthly core inflation indicators (previous month=100), published by the National Bank of Poland (NBP).
The production of poultry, especially chickens, has been developing very dynamically in Poland in recent years. The high price competitiveness combined with the quality of production and the growing global demand for cheap source of animal protein caused that in 2016 Poland became the largest manufacturer of poultry in the European Union (14 %). According to the National Chamber of Feed and Poultry Producers, in terms of growth dynamics of poultry meat production, Poland was the undisputed leader in 2012-2016 with the increasing production per annum by an average of two-digit percentages. What is more, while in Poland production continued to grow continuously, there were declines in other large producer countries. The analyses of PKO Polish Bank of the poultry production sector indicate that high efficiency results from the still significant access to relatively cheap feed and skilled labour, favourable to the regulatory environment, a strong level of concentration and the integration of production. In addition, strongly growing exports are a key factor in the development of the poultry industry in Poland in the last decade. In 2010-2016, the average annual growth rate of foreign sales amounted to 16.4 %. In 2016, exports reached a high volume of 1.023 million tons (+20.5 % y/y) (Fig.1) . The European Union is the main recipient of poultry from Poland (76 %); however, in recent years, exports to non-EU countries has also gained considerable importance, mainly to Asia and Ukraine (Dziwulski, 2017) . well as favourable relations between the price of poultry and red meat (Dziwulski, 2017) .
Purchase prices of broiler chickens in 2011-2017 -selected information
The purchase prices of broiler chickens in 2011 remained significantly below the production costs and this has resulted in the resignation of breeding by many breeders. The average weekly purchase prices was 3.78 PLN/kg, with a minimum level of 3.15 PLN/kg, and a maximum of 4.21 PLN/kg. In 2012, a high growth rate of production was noted, which was related to the increased demand for poultry meat due to high prices of red meat, i.e. beef and pork. The average weekly minimum price for broiler purchase was 3.39 PLN/kg, and the maximum price was 4.38 PLN/kg.
The average weekly price of chickens in 2013 amounted to 3.91 PLN/kg and was 1 % higher than the average for 2012 (Table 1) . High purchase prices were maintained with the increasing production and growing exports, but relatively expensive fodder (Fig. 2. ). due to the corruption scandal and information on the sale of rotten meat and meat contaminated with salmonella by major production companies in this country.
Factors affecting the level of purchase prices:
According to the Agricultural Market Agency (ARR), the most important factors determining the purchase prices of broiler chicken include:
-production of poultry livestock in the world
Foreign Agricultural Service/USDA forecast that global production will grow by 1 percent in 2018 to 91.3 million tons, primarily from gains in the United States, Brazil, India, and the European Union (Fig. 3.) . The USA and Brazilian expansion is driven by higher exports while the European Union and India are due to slow but steady growth in domestic demand. China's production is forecast down 5 percent in 2018 for a third year in a row. China continues to be constrained by highly pathogenic avian influenza (HPAI), the limited availability of genetics, a saturated market, weak prices, and soft demand (Livestock and Poultry, 2017).
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-production of poultry livestock in the EU
The European Union is the fourth largest producer of poultry in the world -after the United
States, Brazil and China. The EC forecasts show that in 2018 the EU production will increase by 1.2 % to 14.86 million tons, and export by 2.5 % to 1.56 million tons. Moreover, the community is also the third exporter of poultry meat, and at the same time is at the forefront of global importers taking the fourth place (after Japan, Saudi Arabia and Mexico). The expected slowdown in the growth rate of poultry meat production is primarily the result of forecasts of the EU export growing much slower, due to strong competition on foreign markets from the Brazilian and American suppliers, as well as due to outbreaks of avian flu in Europe and restrictions introduced by non-EU countries in import from the EU. The increase in production also slows down the scale of internal consumption growth resulting from the saturation of the EU market, which is lower than in previous years.
-production and purchase of poultry livestock in Poland
The domestic poultry market has been characterized by a significant dynamics of production growth for years, which is mainly due to the growing foreign sales. The total poultry production in Poland in 2016 reached 3.2 million tons, and its growth rate amounted to 13 %. The production of broiler chickens amounted to 2.7 million tones (Fig. 4.) , 19 % more, and turkeys -460 thousand tons, 2 % more.
Source: author's presentation based on Institute of Agricultural and Food Economics data

Fig. 4. Poultry production (broiler chickens) in Poland in million tons
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In 2017, poultry production continued to grow and amounted to approx. 3.46 million tons. The slowdown in pace of poultry production growth in 2017 was due to the limited possibilities of increasing export and the low profitability of poultry slaughtering, similar to the limit values. Imports of poultry meat mostly consist of chicken and turkey cuts from Germany, Slovakia, and the UK. In 2016, it amounted to 139 thousand tons and was 16 % larger than in the previous year.
In 2017, a further 3 % increase in imports of poultry was predicted.
-consumption
In 2016, retail prices of poultry meat were 2.3 % lower than in 2015, which was conducive to an increase in its consumption. According to the IERiGŻ -PIB estimate, consumption of poultry meat in Poland in 2016 amounted to 29.5 kg per capita and was 2.4 kg (9 %) higher than in 2015.
It is expected that throughout 2017, its consumption may increase up to 30.5kg per capita, due to further reduction of retail prices of poultry.
Poultry meat remains the cheapest animal protein on the Polish market, which stimulates demand. Since 2013, poultry meat retail prices have trended downward. Although Polish consumers continue to prefer pork, with annual per capita consumption at 41 kilograms, poultry meat is perceived as a more healthful and less expensive alternative. Post forecasts that 2018 poultry consumption will increase by two percent because of higher production and lower retail prices. Poultry meat constitutes 38 percent of meat consumed in Poland, compared to 53 percent for pork and only three percent for beef.
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Description methods
The study used two forecasting methods.
One of the simplest and yet most important models in time series forecasting is the random walk model. This model assumes that in each period the variable takes a random step away from its previous value, and the steps are independently and identically distributed in size. At period t, the k-step-ahead forecast that the random walk model (where the distribution of step sizes has zero mean) gives for the variable Y is:
In others words, it predicts that all future values will equal the last observed value (Nau, 2014) .
The creeping trend model is interesting and useful for the short-term prediction method from a wide range of adaptive models, in other words, models adjusting to the output Y series. In 
By combining successive points (t, t ŷ ), a development trend of the time series is obtained in the segment form, the so-called creeping trend. Let us note that the series of predictions is exactly the same length as the output series of real observations. To make a forecast, an algorithm based on harmonic weights should be used (Zelias et al., 2003) . Figure 1 , one can notice a certain tendency regarding the purchase prices of broiler chicken in particular years. Mostly at the beginning of the year, prices were relatively low. In March, they were higher on average by around 6 % compared to the price in January. In April, the downward trend followed and from May the trend changed direction to the growing, and each year the prices reached their maximum in July and August. With the approaching end of the year, the prices of chicken were mostly decreasing. The year 2017 was the exception, when the prices in November and December were at a similar level as in July and August.
Results of the study
The Table 1 Table 2 .
Source: author's calculations Based on figures 6, 7 and 8, it can be concluded that the selected adaptation models are substantively compatible and offer a good fit to the actual data.
Both the crawling trend model and the random walk model with greater weight take into account observations closer to the forecasted values, which worked well in the case of fairly large distortions of random variations in a series of purchase prices for broiler chickens.
Standard deviation values of RMSE forecast errors and absolute MAE errors indicate that the expected chicken purchase prices are close to ideal forecasts. MAPE forecast errors are at a level that allows expired forecasts to be considered acceptable. 
Conclusions
Forecasting purchase prices for broiler chicken were carried out using two different approaches: The effects of using the creeping trend model with linear regression are satisfactory. This model can also be used to predict other phenomena and processes.
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